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Music is used in healthcare to promote physical and psychological well-being.
As clinical applications of music continue to expand, there is a growing need to
understand the biological mechanisms by which music influences health. Here we
explore the neurochemistry and social flow of group singing. Four participants from
a vocal jazz ensemble were conveniently sampled to sing together in two separate
performances: pre-composed and improvised. Concentrations of plasma oxytocin and
adrenocorticotropic hormone (ACTH) were measured before and after each singing
condition to assess levels of social affiliation, engagement and arousal. A validated
assessment of flow state was administered after each singing condition to assess
participants’ absorption in the task. The feasibility of the research methods were
assessed and initial neurochemical data was generated on group singing. Mean
scores of the flow state scale indicated that participants experienced flow in both
the pre-composed (M =37.06) and improvised singing conditions (M = 34.25), with
no significant difference between conditions. ACTH concentrations decreased in both
conditions, significantly so in the pre-composed singing condition, which may have
contributed to the social flow experience. Mean plasma oxytocin levels increased only
in response to improvised singing, with no significant difference between improvised
and pre-composed singing conditions observed. The results indicate that group singing
reduces stress and arousal, as measured by ACTH, and induces social flow in
participants. The effects of pre-composed and improvised group singing on oxytocin
are less clear. Higher levels of plasma oxytocin in the improvised condition may perhaps
be attributed to the social effects of improvising musically with others. Further research
with a larger sample size is warranted.
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Introduction
People often report a feeling of connectedness during music experiences, either as a listener or
a performer. Musicians often discuss “feeling lost in the music” or “finding the groove” during
improvisatory experiences (e.g., “trading fours” in a jazz performance) and audience members
frequently share this sense of cohesion through a commitment to the music (Pitts, 2004; Hytönen-
Ng, 2013). The colloquial phrases used to describe this engagement and connectedness within
music experiences align with the theoretical construct of flow, which is an optimal psychological
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state in which a person is completely absorbed in the task at hand
(Csikszentmihalyi, 1975). When experienced in group settings,
flow holds the potential to facilitate social connection, but the
present research base examining social flow and interpersonal
connection in music experiences is limited (Hart and Di Blasi,
2015). Additionally, little is known about the neurochemical
processes that facilitate social bonding during group music
experiences. Over the past two decades, neuroscience research
in music has relied heavily on neuroimaging, mapping regions
of the brain active during music production and perception.
It is only more recently that the neurochemical responses
to music have been investigated. Chanda and Levitin (2013)
review the chemical and biological effects of music and
express a strong need for further research. Current evidence
suggests that music’s effects on health and well-being may
be modulated through engagement of neurochemical systems
(Chanda and Levitin, 2013; Fancourt et al., 2014). In particular,
group singing has demonstrated positive effects on emotional
states and biological outcomes, implicating the neuroendocrine
system as a potential underlying mechanism (Kreutz et al.,
2004; Kreutz, 2014; Fancourt et al., 2015). The neuropeptide
oxytocin may in part be responsible for the social and health
benefits of music, while adrenocorticotropic hormone (ACTH)
may mediate the engagement and arousal effects of music
(Chanda and Levitin, 2013; Kreutz, 2014). These physiological
processes may consequently influence the subjective experience
of social flow and perception of social connection during music
experiences.
Oxytocin and ACTH
Oxytocin is a neuropeptide produced by large neuroendocrine
cells of the supraoptic and paraventricular nuclei of the
hypothalamus. Oxytocin is transported from the large
neuroendocrine cells to the posterior lobe of the pituitary
gland, where it is subsequently released into the bloodstream as
a hormone. The paraventricular nucleus (PVN), where oxytocin
synthesis is most concentrated, coordinates signals from the
brain in response to stress and controls the hypothalamic-
pituitary-adrenal (HPA) axis (Herman, 2012). Neurons in
the PVN release corticotropin releasing-factor (CRF), which
promotes the secretion of ACTH into peripheral circulation.
ACTH is a neurohormone that stimulates the synthesis and
release of glucocorticoids, such as cortisol, from the adrenal
gland (Grossman et al., 1982). Oxytocin is colocalized with stress
hormones in the PVN and has suppressive effects on the HPA
axis, including ACTH (Gibbs, 1986; Windle et al., 2004; Carter,
2014).
The word oxytocin is derived from the Greek words meaning
“quick birth.” In humans, functions of oxytocin were originally
associated with maternal behaviors such as mother-infant
bonding, breast-feeding, and uterine contractions (Takahashi
et al., 2013). More recent findings reveal the broader scope
of oxytocin in human social and emotional behaviors, with
effects that are highly dependent on context and individual
traits (Bartz et al., 2011). Oxytocin mediates social behavior
(Heinrichs et al., 2009) and regulates stress and anxiety (Ditzen
et al., 2009). Depending on the context and the individual, it
is hypothesized that oxytocin may elicit positive or negative
social emotions (Bartz et al., 2011). Under optimal circumstances,
oxytocin increases trust (Kosfeld et al., 2005) and is associated
with a parent’s social attachment to their children (Feldman
et al., 2010).While oxytocin production in humans was originally
believed to increase only in response to direct physical contact,
mothers bonding with their infants demonstrated higher plasma
oxytocin levels from vocalizations alone (Leslie et al., 2010). The
extended period of nurturing facilitated by oxytocin, as well as it’s
role in reproductive behavior and physiologic functions, indicate
it’s importance in human social and intellectual development
(Carter, 2014). Research linking social behaviors to positive
health and disease outcomes implicates oxytocin as a primary
physiologic mechanism (Uchino, 2006).
ACTH may mediate the engagement and arousal effects of
music (Chanda and Levitin, 2013). ACTH, which mediates
attention (Sandman et al., 1975, 1977) and distress (Mauri and
Volpe, 1994), responds to various types of challenges or pain
perceived in higher levels of the brain (Herman, 2012). While
there appears to be a general consensus among studies that music
listening enhances oxytocin synthesis, the role of ACTH is less
clear. Preliminary evidence suggests that listening to stimulating
music, such as techno, increases plasma ACTH while relaxing
music reduces ACTH synthesis and circulation (Gerra et al.,
1998). ACTH is examined in this study because it responds
to stimuli in seconds (Weijnen and Slangen, 1970). The short
duration of each singing condition in this study indicate that
ACTH may be implicated in behaviors of arousal and attention.
To date, no studies were found that examined both ACTH and
oxytocin in active music production.
Social Affiliation and Engagement in Music
A handful of studies have examined endogenous oxytocin
during music production and perception. Postoperative patients
listening to relaxing music through headphones demonstrated
an increase in serum oxytocin and reported higher levels of
relaxation compared to a control group with no music (Nilsson,
2009). Choral singing has been shown to increase salivary
oxytocin and elicit positive emotional states (Kreutz et al., 2004;
Kreutz, 2014). In professional and amateur singers, peripheral
oxytocin increased after an individual 45min singing lesson,
however, music parameters were not identified and non-musical
interactions during the lesson may have influenced outcome
measures (Grape et al., 2002). In that same study, amateur singers
demonstrated a decrease in post-singing levels of cortisol, while
professional singers showed the opposite trend, pointing toward
higher levels of perceived stress and arousal in the professional
singers. This trend is consistent with the recent findings of
Fancourt et al. (2015), where low-stress singing without an
audience reduced levels of salivary cortisol and cortisone, and
high-stress singing in front of a large audience increased levels
of both glucocorticoids. Depending on individual traits and
context, it is possible that singing may be perceived as a stressful
experience with corresponding biological responses. In general,
singing appears to have potential benefits on psychological health
and well-being, with additional indications of potential physical
benefits (Clift et al., 2010). More research is needed, however, to
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identify the underlying mechanisms linking singing to physical
and psychological health.
While there is little information on the neurochemistry
of singing, previous research has demonstrated the effects of
singing on behavioral and self-reported outcomes. Group singing
produced the highest scores on trust and cooperation compared
to other group activities, as measured by a trust and dilemma
game (Anshel and Kipper, 1988). In those with mental illness,
singing has been found to increase mental health, well-being,
and social skills (Clift and Morrison, 2011). Children’s sense of
inclusion and belonging with their peers was positively correlated
with their singing abilities in a longitudinal study on the social
impact of music (Welch et al., 2014). This falls in line with the
theory that music has evolved as a means of social bonding, with
evolutionary roots in parent-infant attachment (Freeman, 1998).
Therefore, the belief that oxytocin plays a large role in the social
and health benefits of music appears to be supported by previous
behavioral findings.
Social Flow
The concept of flow, frequently referred to as flow state, was
first introduced to the field of positive psychology in 1975 by
Csikszentmihalyi. According to Csikszentmihalyi, to experience
flow is to experience an optimal psychological state (1975).
People experiencing flow find themselves completely immersed
in the present activity, so intensely focused that all unrelated
thoughts and emotions seemingly disappear from their conscious
being, allowing for efficient yet effortless execution of thoughts
and actions. Autotelic in nature, the flow experience is both
enjoyable and intrinsically rewarding (Csikszentmihalyi, 1975,
1997). Though the primary focus of flow theory lies in the
flow experience itself, positive consequences of flow including
increased motivation, creativity, efficacy, and subjective well-
being have been observed (Csikszentmihalyi and LeFevre, 1989;
Jackson et al., 2001; Mugford, 2004; Fritz and Avsec, 2007;
Engeser, 2012; Salanova et al., 2014).
In recent years, researchers have expressed a growing
interest in the concept of social flow, which involves not only
optimal performance, but also optimal interaction with others
(Csikszentmihalyi, 1975; Bachen and Raphael, 2011; Engeser,
2012). Social flow has been studied in various contexts including
athletic, occupational, and familial environments. Though none
of these areas have been extensively researched, the literature
currently suggests that frequency of social flow experience
is positively correlated with the quality of interpersonal
relationships (Rathunde, 1997; Bakker et al., 2011; Salanova et al.,
2014). Underlying the neurochemistry of social flow may be
oxytocin and ACTH, which we explore in this study.
Social Flow and Engagement in Music
The literature also indicates that various music-related tasks such
as music listening, composition, and performing are conducive
to facilitating solitary and social flow. Colloquial phrases such
as “feeling the groove” and “lost in the music” frequently arise
in everyday conversation amongst musicians. Current evidence
suggests that these phrases may actually be related to flow
states experienced within a musical context (MacDonald et al.,
2006; Baker and MacDonald, 2013; Diaz, 2013; Wrigley and
Emmerson, 2013). One of themost frequentlymentionedmusical
genres in music-related flow literature is jazz. Jazz musicians
frequently report feelings associated with flow experiences such
as intense oneness with their musical product and the merging
of individual musicians to form a single cohesive entity when
performing, particularly when improvising and exploring new
sounds (Hytönen-Ng, 2013).
Walker (2010) explored differences between flow experienced
in low-interdependent and high-interdependent tasks in the
context of a singles and doubles racket sport game. He found
that, though the number of consecutive volleys did not differ
across conditions, the high-interdependent task was rated as
more challenging and the flow experience was reported to be
more intense than in the low-interdependent task. In a musical
context, participation in a standard performance of a pre-
composed piece may be considered a low-interdependent task
whereas playing or singing in an improvisatory manner can be
viewed as a high-interdependent task. Improvisation requires
clear communication and cooperation from all group members.
Each individual member is challenged to use both their technical
competence and artistic instinct in creating an innovative sound
within a given musical structure, maintained by the group as a
whole (Sawyer, 2006; Rogers, 2013). To date, no experimental
studies have been found that examined flow in the context of
group music improvisation.
As a feasibility study, a primary purpose was to evaluate the
design and methodology. In a recent review, LaGasse (2013)
highlights the importance of pilot and feasibility studies in
music therapy, especially in previously unstudied areas. The
appropriateness of the methodology was assessed by utilizing
a small sample size and previously validated data collection
procedures. It is hoped that preliminary findings from this study
will inform future researchers on the feasibility of neurochemical
and flow state data collection in vocal music production. We
compared a standard, pre-composed singing performance with
an improvised performance of the same song, and hypothesized
that vocal improvisation would elicit higher measures of social
flow and bonding when compared to a pre-composed vocal
performance.
Methods
Participants
Four participants (2 males and 2 females) were conveniently
sampled based on the following inclusion criteria: jazz vocalists,
students at a large Midwestern American university, and over
18 years of age. We included jazz vocalists to explore the
neurochemistry and social flow of vocal improvisation within a
group context. Vocal quartets are common in jazz music, and
therefore, the group structure was familiar to participants and
limited extraneous challenges in a controlled setting. Participants
were excluded from the study if they met any of the following
criteria: medical or psychiatric illness, smoking more than 15
cigarettes per day, drug or alcohol abuse, weighing less than
110 lbs., bleeding disorders (e.g., hemophilia), and pregnancy.
Participants were asked to abstain from food and drink (other
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than water) 2 h before the experiment and from smoking,
caffeine, and alcohol 24 h before the experiment.
Design
A mixed design using repeated measures was utilized to explore
the effects of pre-composed and improvised group singing
on social flow and neurochemical measures of connectedness
and arousal (see Figure 1). Participants formed one group and
performed the same song together in two conditions. The first
condition was a performance of the music as it was written
without improvisation or further embellishment of the melody,
referred to from this point forward as “standard performance”
(SP). The second condition was a performance of the music that
followed the syntactical harmonic structure (chord changes) of
the composition, with improvised melodies, referred to from
this point forward as “improvised performance” (IP). In each
condition, pre and post-tests measured plasma oxytocin and
ACTH, and a post-test survey assessed the level of social flow
experienced by participants. Based on the brief duration of
each performance and the short half-life of plasma ACTH
and oxytocin, a 30min washout period was utilized between
conditions to allow neuropeptide levels to return to baseline.
The reported half-life of plasma ACTH is approximately 10min
(Yalow et al., 1964). Similarly, the half-life of plasma oxytocin is
estimated at 5–10min (Amico et al., 1987). In healthy subjects,
oxytocin levels peaked after only 5–8min of music listening,
with plasma levels returning toward baseline after 7–10min (Dai
et al., 2012). In a different study examining music perception,
researchers utilized a 10min washout period prior to obtaining
baseline measures of plasma ACTH (Evers and Suhr, 2000).
Therefore, it was estimated that a period of 30min between
conditions would allow neuropeptide levels to return to baseline.
This study was reviewed and approved by the Human Subjects
Institutional Review Board at Western Michigan University.
Informed written consent was obtained from all participants
involved in the study.
Musical Considerations
All musical decisions were made in collaboration with the
university’s school of music vocal jazz director, who was
familiar with the participants’ skill level and repertoire. The jazz
standard “Centerpiece” (Edison and Hendricks, 1958) served
as the musical content for both the standard and improvised
conditions. The vocal jazz director created two vocal quartet
arrangements of the piece, one for the standard performance
condition (SP) and one for the improvised performance
condition (IP). The SP arrangement was sung as written, with
no improvisation or embellishments. The IP arrangement began
with the unison singing of the original melody and then allowed
time for each participant within the group to improvise over the
basic harmonic structure of the original song.
Blood Draws
Six milliliters of blood was drawn from the antecubital vein
into 6ml EDTA lavender top tubes containing 5.0mg EDTA
and 2.500 KIU aprotonin. A sterile field was maintained using
a Vacutainer blood draw kit. Whole blood was immediately
placed on ice and transported to the adjacent lab, where it was
centrifuged at 1200 rpm for 12min at 4◦C. Six milliliters of whole
blood yielded approximately 2ml of plasma per participant.
Plasma was aliquoted into microtubes and stored at −70◦C until
analysis.
Measures
Oxytocin and ACTH concentrations were determined using
enzyme-linked immunosorbent assays kits produced by Enzo
Life Sciences, Inc. (Farmingdale, NY, USA). The oxytocin kit
has been previously validated for human plasma using various
methods, including mass spectrometry (Carter et al., 2007).
Sensitivity for oxytocin and ACTH was 15.0 pg/mL and 0.46
pg/mL, respectively. All samples were run in duplicate. Oxytocin
plasma samples were diluted 1:8 with assay buffer and run
unextracted. Both assays were run according to manufacturer
instructions. Due to the small sample size, only one plate
was needed to analyze each neuropeptide. The intra-assay
coefficients of variations for ACTH and oxytocin were 15 and
9%, respectively. All tests were performed in collaboration with
the Department of Biological Sciences at Western Michigan
University.
There is controversy surrounding the measurement of
oxytocin on unextracted samples. In human fluids, there may be
interference from various proteins and other substances leading
to unreliable measurements (McCullough et al., 2013). However,
it is also argued that extraction protocols may underestimate
peripheral oxytocin concentrations, as a majority of oxytocin is
lost during the extraction process (Martin and Carter, 2013). To
avoid precipitation of oxytocin in the blood, samples were run
unextracted using a previously validated, sensitive, and specific
commercially-available kit.
Social flow was measured using the Flow State Scale-2 (FSS-
2; Jackson et al., 2010), a 36-item questionnaire that assessed
individual’s perceived level of flow within a specific event.
The FSS-2 is a post-event assessment and was administered
immediately following post-test blood draws in each condition.
The 36 items (questions) in the FSS-2 reflect Csikszentmihalyi’s
definition of flow, with four items directly addressing each of the
FIGURE 1 | Study design.
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following nine flow dimensions: Challenge-skill balance, merging
of action and awareness, clear goals, unambiguous feedback,
concentration on the task at hand, sense of control, loss of self-
consciousness, transformation of time, and autotelic experience.
Participants were directed to respond to each statement using
a 5-point Likert scale in which a score of 1 indicated “Strongly
Disagree” and a score of 5 indicated “Strongly Agree.” The
FSS-2 was scored by first calculating the total raw score for
each dimension. Each raw dimension score was then divided
by 4 to compute the average dimension score. The sum of all
average dimension scores provides the total scale score. Group
means for each dimension and total scaled scores were used to
determine the level of social flow experienced. The maximum
total scale score of 45 signifies the ultimate flow experience. The
minimum total scale score of 9 signifies no flow. The FSS-2
has demonstrated strong construct validity and reliability across
various physical activities including yoga, basketball, soccer,
running, and football (Jackson and Eklund, 2002; Jackson et al.,
2008). The FSS-2 has also been shown to be valid and reliable in
measuring flow during live music performance, with Cronbach’s
alpha ranging from 0.81 to 0.92 for each of the nine dimensions
(Wrigley and Emmerson, 2013).
Procedure
Participants (n = 4) formed one group together (a vocal
quartet). At the beginning of the experiment, the consent form
was reviewed and participants received a brief overview of
the procedures. Participants were instructed to avoid physical
contact during the experiment. SP pre-test blood draws were
then conducted for two participants at a time in a separate
room. The remaining two participants received the SP pre-test
blood draw after each previous participant was finished. Given
the labile nature of oxytocin and ACTH, two phlebotomists
were used to expedite the blood collection process and minimize
potential protein breakdown after whole blood was placed on
ice. Following the SP pre-test blood draws, the vocal jazz
director provided participants with brief musical instructions
lasting approximately 5min. Participants were instructed to sing
their respective part of the music as it was written, without
any embellishment or improvisation. Immediately following the
instructional period, participants performed the standard piece
together as it was written, with accompaniment provided on the
piano by the aforementioned vocal jazz director. Immediately
following the standard performance, which lasted 5min and
38 s, participants were called in pairs to the separate room
where individual post-test blood draws were conducted. All
participants confirmed that they were able to proceed without
ill effects from the blood draws and were then escorted
individually to nearby but isolated rooms where they were
provided with a paper copy of the FSS-2 and a pencil. Each
individual was instructed to complete the FSS-2 according to
the directions located at the top of the test-page and upon
completion of the survey, take time to rest before completing the
second performance. Following the 30min test-and-rest period,
surveys were submitted and individual pre-test blood draws
for the improvised performance were conducted. Following
the same format as the SP condition, participants received
5min of instructions prior to the improvised performance.
Participants performed the improvised piece together with
extensive embellishment and improvisation. The duration of the
improvised performance was 6min and 1 s. Immediately after the
improvised performance, individual blood draws were conducted
and participants were again given the flow-state survey to
complete in separate rooms. Following completion of the surveys,
participants were provided with follow up information and
thanked for their time.
Results
Here we present initial data on social flow, oxytocin and
ACTH in standard and improvised group singing. The successful
implementation of procedures and collection of data indicate
the feasibility of methods used in this study, which serve as
our primary outcomes. Given the small sample size, this study
was not sufficiently powered for statistical analyses. As such, the
statistical analyses presented here are primarily for demonstrative
purposes, to inform future research in this area on possible
data trends and analyses. Descriptive and parametric statistical
analyses were performed using SPSS (IBM) version 22.
FSS-2
Raw FSS-2 scores indicate that participants experienced social
flow in both the standard and improvised conditions. The mean
total scaled score in the SP condition, with a maximum possible
score of 45, was 37.06 (n = 4). The mean total scaled score in
the IP condition, with a maximum possible score of 45, was 34.25
(n = 4). Mean scores for each dimension of flow for the SP and
IP conditions are displayed in Table 1.
TABLE 1 | FSS-2 Dimension scores in standard and improvised conditions.
FSS-2 dimension subscale n Minimum Maximum Mean Std.
deviation
STANDARD PERFORMANCE
Challenge-skills balance 4 3.25 4.00 3.69 0.31
Merging action-awareness 4 3.75 4.50 4.18 0.31
Clear goals 4 3.75 4.75 4.18 0.43
Unambiguous feedback 4 3.75 4.75 3.56 0.66
Concentration on the task 4 3.25 4.25 3.94 0.47
Sense of control 4 4.00 5.00 4.63 0.43
Loss of self consciousness 4 3.25 4.50 3.88 0.52
Transformation of time 4 3.25 4.50 3.69 0.59
Autotelic experience 4 3.25 5.00 4.44 0.83
IMPROVISED PERFORMANCE
Challenge-skills balance 4 3.50 5.00 4.44 0.66
Merging action-awareness 4 2.50 5.00 3.44 1.13
Clear goals 4 2.50 4.25 3.44 0.72
Unambiguous feedback 4 3.00 4.25 3.56 0.66
Concentration on the task 4 4.25 5.00 4.56 0.31
Sense of control 4 3.75 4.00 3.94 0.12
Loss of self consciousness 4 2.00 3.50 2.56 0.66
Transformation of time 4 3.25 4.50 3.69 0.55
Autotelic experience 4 4.25 5.00 4.69 0.38
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TABLE 2 | Descriptive statistics of neurochemical variables, adrenocorticotropic hormone (ACTH), and oxytocin, at each time point in the standard (SP)
and improvised (IP) conditions (n = 4).
Variable (pg/mL) SP pre-test SP post-test IP pre-test IP post-test
M Med SD M Med SD M Med SD M Med SD
ACTH 27.3 26.1 11.6 20.2 1 7.1 9.0 15.9 15.9 1.1 15.2 16.1 5.3
Oxytocin 201.8 186.3 104.2 191.5 168.8 94.5 184.6 157.9 74.2 212.2 183.1 111.4
FIGURE 2 | The figure depicts individual concentrations of plasma
adrenocorticotropic hormone (ACTH) at each time point measured
during the standard performance (SP) and improvised performance (IP).
Oxytocin and ACTH
Descriptive data for oxytocin and ACTH collected at each time
point is presented in Table 2. Both the standard and improvised
conditions revealed a mean decrease in plasma ACTH after
participants sang together. The change in ACTH in the SP
condition pre-to-post test (p < 0.05) was 21% greater than the
pre-to-post test ACTH outcomes for the IP condition (p > 0.05).
Figure 2 depicts individual changes in ACTH at each time point.
Student’s t-test of oxytocin concentrations in the SP condition
revealed a mean decrease of 10 pg/mL, while the IP condition
demonstrated a mean increase of 27 pg/mL. Figure 3 depicts
individual changes in oxytocin concentrations across all time
points. In Figure 4, individual changes in oxytocin andACTH are
compared at each time point to reveal an inversely proportional
trend in 3 out of 4 subjects.
Discussion
Feasibility of Experimental Procedures
The primary purpose of this study was to evaluate the
feasibility of experimental research procedures that were
designed to investigate the neurochemical processes and social
FIGURE 3 | The figure depicts individual concentrations of plasma
oxytocin (OT) at each time point measured during the standard
performance (SP) and improvised performance (IP).
flow experiences associated with group singing. The successful
implementation of procedures and data collection indicates the
feasibility of the methods employed in this study, which may
help future researchers in exploring the relationships between
music improvisation, neurochemical activity, and social flow
experiences.
Though the drawing of blood in between the completion
of the task and the distribution of the FSS-2 is a potential
confounding variable in regards to the assessment of flow state,
the inclusion of this element allowed the researchers to evaluate
the feasibility of efficiently and effectively gathering both self-
report and neurochemical data within a single condition. Based
on FSS-2 scores and participant responses during the debriefing
period, the procedures were effective in facilitating flow for
student musicians and the blood draw did not appear to affect the
subjective reports of flow. It is also important to acknowledge that
seven out of the eight flow scales were completed within 15min
of the end of the task in question, as it is recommended that the
FSS-2 be administered as soon as possible following participation
in the activity being assessed (Jackson et al., 2010).
One participant required additional time during the final
blood draw, as the phlebotomist was unable to access the
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FIGURE 4 | The figure depicts the relationship between plasma
adrenocorticotropic hormone (ACTH) and oxytocin (OT)
concentrations for each subject measured during pre and post-tests
of the standard performance (SP) and improvised performance (IP). An
inverse relationship between neuropeptide levels is demonstrated in 3 out of 4
subjects.
antecubital vein upon the first few attempts. While the blood
draw was successful after several minutes, there are inherent
challenges in drawing blood from human subjects, such as
syncope, that are best controlled for with a larger sample size.
We were able to determine, however, that group singing was
not impeded by the controlled environment and data collection
procedures.
Social Flow in Music Improvisation
Raw FSS-2 scores indicate that social flow was experienced in
both the standard and improvised conditions. Raw scores also
indicate that the experience of flow was slightly greater during
the standard performance than in the improvised performance.
Previous research has found that creative demand within a
task is positively correlated with level of flow (Baker and
MacDonald, 2013). In the present study, the improvisation task
was structured in a way that required more creative input than
the standard performance, but did not appear to facilitate deeper
flow experiences.
One particular dimension of flow, loss of self-consciousness,
appeared to contribute most to the difference in flow experience
between conditions as the mean dimension score was 1.32
points lower on the 5-point Likert scale during improvisation
than during standard performance. This observation aligns
with the findings of Wrigley and Emmerson (2013), who
found that the loss of self-consciousness dimension received
the lowest mean score in comparison to the other eight flow
dimensions in undergraduate vocal students. While the creative
demands in improvisation tasks may appear more conducive
to social flow from a challenge-skills perspective, it must also
be recognized that creative output in group settings requires a
certain level of self-disclosure amongst group members, which
may elicit anxiety and inhibit flow. The decrease in ACTH
concentrations after singing in both conditions indicates a
potential relationship between flow state and stress, which
warrants further investigation.
In addition to the increased levels of self-disclosure in
improvisation, the participants’ level of flow may have been
affected by their skill level and past musical experiences.
For example, one participant, during debriefing discussion,
mentioned that she did not improvise as frequently as the
other participants and she felt unsure of herself. However, when
presented with a follow up question, she stated that she did not
feel as anxious in this setting as in past experiences. This may
be, in part, because participants were repeatedly told that the
researchers’ primary focus was on the nonmusical components
rather than the quality of the musical product.
Another participant mentioned that he found himself having
to put forth more effort during the improvisation, stating, “When
it was spontaneous, I actually had to do a lot more thinking.”
This statement conflicts with previous reports of professional
jazz musicians, who state that when they are improvising they
frequently get “in the musical zone” and actions and sounds
seem to naturally occur with little felt effort. Some professionals
also describe their most memorable improvisation experiences as
being surreal (Hytönen-Ng, 2013). This inconsistency between
studies sheds light on the importance of accounting for the skill
level and past experiences of musicians, as the experiences of
student musicians such as those who participated in this study,
may differ from those of professional and more experienced
musicians.
Oxytocin and ACTH
We hypothesized that group singing in both conditions would
decrease stress and arousal, as measured by ACTH, and increase
social bonding, as measured by oxytocin. Despite the small
sample size, there was a significant decrease in pre-to-post levels
of ACTH during the standard singing performance. This is
consistent with previous literature demonstrating the positive
effects of music on stress and the immune system (Bittman et al.,
2001; Chanda and Levitin, 2013). Singing has been shown to
reduce cortisol levels depending on context and individual traits,
and is generally associated with psychological health and well-
being (Grape et al., 2002; Clift et al., 2010; Fancourt et al., 2015).
This is the first time that ACTH has been examined during active
music production, as opposed to music listening, and the results
appear to be supported by previous findings. The improvised
singing performance demonstrated a minor decrease in ACTH
from pre-to-post levels, which perhaps may be attributed to
low concentrations observed at the IP pre-test. This may have
been caused by carry-over effects from the first condition (see
recommendations for future research).
As expected, mean concentrations of oxytocin increased
during the improvised condition. Vocal improvisation
naturally elicited behaviors conducive to social bonding,
such as listening, responding, spontaneous communication, eye
contact, and cooperation. Surprisingly, the standard performance
demonstrated a mean decrease in oxytocin concentrations. This
should be interpreted with caution due to the small sample size
and influence of individual traits on plasma oxytocin levels (Bartz
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et al., 2011). Studies with a larger sample size have demonstrated
significant increases in peripheral oxytocin after choral singing
and individual singing lessons (Grape et al., 2002; Kreutz, 2014).
The high variability of oxytocin concentrations observed among
participants in the present study can be addressed through a
larger sample size. A sufficiently powered study using the same
design as the current study (1 – β = 0.80, effect size > 0.25,
alpha < 0.05) would require 82 participants based on our data.
Limitations
Several limitations need to be considered when interpreting the
results of this study. The small sample size provides initial data,
however, it does not provide enough power to make strong
statistical inferences. Prior to conducting the study, participants
were informed that the researchers were investigating differences
between standard and improvised vocal performance. This
knowledge may have influenced responses either during or
following each task.
Conclusion and Recommendations for Future
Research
This study provided support for the feasibility of conducting
experimental flow research in which the structure of a musical
task is manipulated. Because the present study involved a very
small sample, it is recommended that a study be conducted
with a larger sample size to further evaluate the experimental
procedures and to gain sufficient power that would allow for
effective statistical analysis of results. To avoid potential carry
over effects, a longer washout period between conditions is
recommended. Although previous studies indicated only a short
washout period was necessary, mean plasma ACTH at baseline
was significantly lower in the second (IP) condition. This may
have also been attributed to an order effect, as all participants
sang in the IP condition following the SP condition. A repeated
measures design with counterbalancing may control for any
order effect observed in this study. A washout period at the
beginning of the experiment may also reduce variations in
neuropeptide levels caused by pre-experimental stimuli. Given
the recent findings of Fancourt et al. (2015), a potential extension
of this study may also include a rehearsal period and self-report
data to evaluate the level of stress experienced by participants
during standard and improvised singing. In the present study, the
significant decrease in ACTH during the standard performance
may indicate a low-stress condition experienced by participants.
The stress level of the improvised performance is less clear,
however, the upward trend of ACTH and informal statement
from one of the participants may perhaps indicate a higher level
of stress experienced while improvising.
It is also recommended that future research account for
potential effects of personality traits on proneness to flow
during music production tasks. For instance, it has been
observed that perfectionist tendencies frequently inhibit flow
(Bruya, 2010). With a small sample size, these characteristics
could disproportionately influence individual and group-level
data. Screening participants with a personality inventory could
prove helpful in accounting for such differences and allow for
comparisons of flow experience of individuals with varying
personality traits.
During this study, the researchers informally noted differences
in participants’ behavioral tendencies between conditions. For
example, a higher frequency of social interaction cues, such as eye
contact, were observed during the improvisation task. Behavioral
analyses combined with 7–8 formal interview questions of the
participants’ subjective experience would provide greater insight
on social flow and affiliation in standard and improvised group
singing.
As stated previously, the current study tested our procedures
using typically functioning student musicians. Future researchers
might employ the use of music improvisation in dyadic
and group settings with non-diagnosed populations (this
could include both musicians and non-musicians) first
to facilitate positive social interactions and elicit desired
nonmusical responses (MacDonald and Wilson, 2014). Once
an understanding of biochemistry and flow during singing
for typically functioning people is obtained, clinical research
with appropriate populations can be pursued. For purposes of
translating the research to clinical application, future researchers
may also consider structuring the music production tasks in
a way that more accurately reflects the current practices of
music therapists. For example, many clinical experiences entail
the playing of instruments as opposed to singing. Clinicians
may also manipulate instruments in such a way that clients,
despite age or ability, are able to participate in an error-free
music-making experience (improvising modally, for example)
that results in the creation of an aesthetically pleasing sound.
Collaboration between practicing clinicians and researchers
will be important in progressing this line of research and
gaining more insight into the facilitation, experience, and
outcomes of social flow and affiliation in the context of group
music-making.
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